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(57) ABSTRACT

The present invention provides a method for manufacturing a
digital micromirror device and a method for manufacturing a
projection display system. The method for manufacturing the
digital micromirror device may include providing a material
stack, the material stack including a spacer layer having one
or more openmngs therein and located over control circuitry
located on or i a semiconductor substrate, a layer of hinge
material located over the spacer layer and within the one or
more openings, and a layer of hinge support material located
over the layer of hinge material and within the one or more
openings. The method may further include patterning the
layer of hinge support material using photoresist, patterning
the layer of hinge material using the patterned layer of hinge
support material as a hardmask, and removing the patterned
layer of hinge support material from over an upper surface of
the patterned layer of hinge material.
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UNIQUE METHOD FOR MANUFACTURING
A DIGITAL MICROMIRROR DEVICE AND A
METHOD FOR MANUFACTURING A
PROJECTION DISPLAY SYSTEM USING THE
SAME

TECHNICAL FIELD OF THE INVENTION

The present invention 1s directed, 1n general, to a digital
micromirror device and, more specifically, to a unique
method for manufacturing a digital micromirror device and a
method for manufacturing a projection display system using,
the same.

BACKGROUND OF THE INVENTION

A Digital Micromirror Device (DMD) 1s a type of micro-
clectromechanical systems (MEMS) device. Invented 1n
1987 at Texas Instruments Incorporated, the DMD 1s a fast,
reflective digital light switch. It can be combined with image
processing, memory, a light source, and optics to form a
digital light processing® system capable of projecting large,
bright, high-contrast color images.

The DMD 1s fabricated using CMOS-like processes over a
CMOS memory. It has an array of individually addressable
mirror elements, each having an aluminum mirror that can
reflect light 1n one of two directions depending on the state of
an underlying memory cell. With the memory cell 1n a first
state, the mirror rotates to +12 degrees. With the memory cell
in a second state, the mirror rotates to —12 degrees. By com-
bining the DMD with a suitable light source and projection
optics, the mirror reflects incident light either into or out of the
pupil of the projection lens. Thus, the first state of the mirror
appears bright and the second state of the mirror appears dark.
Gray scale 1s achieved by binary pulse width modulation of
the incident light. Color 1s achieved by using color filters,
either stationary or rotating, 1n combination with one, two, or
three DMD chips.

DMD’s may have a variety of designs, and the most popu-
lar design 1n current use 1s a structure consisting of a mirror
that 1s rigidly connected to an underlying yoke. The yoke in
turn 1s connected by two thin, mechanically compliant torsion
hinges to support posts that are attached to the underlying
substrate. Electrostatic fields developed between the under-
lying memory cell and the mirror cause rotation 1n the posi-
tive or negative rotation direction.

The fabrication of the above-described DMD superstruc-
ture begins with a completed CMOS memory circuit.
Through the use of photoresist layers, the superstructure 1s
tormed with alternating layers of aluminum for the address
clectrode, hinge, voke, and mirror layers and hardened pho-
toresist for sacrificial layers that form air gaps. Unfortunately,
the manufacture of the elements of the superstructure may
require many different steps, thus 1t can be time consuming,
and costly.

Accordingly, what 1s needed in the art 1s a method for
manufacturing a DMD that does not experience the draw-
backs of the prior art methods.

SUMMARY OF THE INVENTION

To address the above-discussed deficiencies of the prior art,
the present invention provides a method for manufacturing a
digital micromirror device and a method for manufacturing a
projection display system. The method for manufacturing the
digital micromirror device, without limitation, may include
providing a material stack, the material stack including a
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2

spacer layer having one or more openings therein and located
over control circuitry located on or 1n a semiconductor sub-
strate, a layer of hinge matenal located over the spacer layer
and within the one or more openings, and a layer of hinge
support material located over the layer of hinge material and
within the one or more openings. The method may further
include patterning the layer of hinge support material using
photoresist, patterning the layer of hinge material using the
patterned layer of hinge support material as a hardmask, and
removing the patterned layer of hinge support material from
over an upper surface of the patterned layer of hinge materal.

As briefly mentioned, the present invention also discloses a
method for manufacturing a projection display system. This
method, among other steps, may include: 1) providing a light
source configured to produce a beam of light along a first light
path, 2) positioning optics 1n the first light path, the optics
configured to provide one or more color light beams, 3 ) form-
ing one or more digital micromirror devices as described
above, the digital micromirror devices configured to recerve
the color light beams from the optics, modulate the light on a
pixel-by-pixel basis and retlect light from ON pixels along a
second light path, 4) providing control electronics for recerv-
ing image data and controlling the light source and the modu-
lation of the digital micromirror devices, and 5) providing
projection optics placed 1n the second light path magnifying
and projecting an 1mage on to a viewing screen.

The foregoing has outlined preferred and alternative fea-
tures of the present mnvention so that those skilled in the art
may better understand the detailed description of the inven-
tion that follows. Additional features of the invention will be
described heremafiter that form the subject of the claims of the
invention. Those skilled 1n the art should appreciate that they
canreadily use the disclosed conception and specific embodi-
ment as a basis for designing or moditying other structures for
carrying out the same purposes of the present ivention.
Those skilled 1n the art should also realize that such equiva-
lent constructions do not depart from the spirit and scope of
the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention 1s best understood from the following
detailed description when read with the accompanying FIG-
URE:s. It 1s emphasized that in accordance with the standard
practice in the semiconductor industry, various features are
not drawn to scale. In fact, the dimensions of the various
features may be arbitrarily increased or reduced for clarity of
discussion. Reference 1s now made to the following descrip-
tions taken 1n conjunction with the accompanying drawings,
in which:

FIGS. 1A-10B illustrate cross-sectional and plan views of
a digital micromirror device at various different stages of
manufacture 1n accordance with the principles of the present
invention;

FIG. 11 1llustrates an exploded view of a completed digital
micromirror device manufactured in accordance with the
principles of the present invention; and

FIG. 12 illustrates a schematic of a projection display
system manufactured 1n accordance with the principles of the
present invention.

DETAILED DESCRIPTION

Turming to FIGS. 1A-10B 1illustrated are cross-sectional
views and plan views 1llustrating how one skilled in the art
might manufacture a digital micromirror device (DMD) in
accordance with the principles of the present invention. Each
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of the given stages of manufacture 1s broken into a cross-
sectional view (denoted as A) and a plan view (denoted as B).
For example, at a given stage of manufacture, such as shown
in FIG. 1, FIG. 1B 1s a plan view of the partially completed
DMD and FIG. 1A 1s a cross-sectional view of the partially
completed DMD taken through the section A-A illustrated 1n
FIG. 1B. The same denotation 1s carried out throughout the
majority of the document, including FIGS. 2A-10B. Accord-
ingly, where like reference numbers are used, even 11 1n dii-
terent FIGUREs, the same feature 1s being 1llustrated.

Turning mitially to FIGS. 1A and 1B, illustrated are a
cross-sectional view and a plan view, respectively, of a DMD
100 at an 1nitial stage of manufacture. The DMD 100 1llus-
trated 1n FIGS. 1A and 1B includes control circuitry 110
formed on or 1n a semiconductor substrate 105. The semicon-
ductor substrate 105, 1n an exemplary embodiment, may com-
prise a number of different materials while staying within the
scope of the present invention. In the embodiment illustrated
in FIG. 1, however, the semiconductor substrate 105 1s epi-
taxial silicon.

The control circuitry 110 preferably comprises a plurality
of CMOS devices, and more preferably, addressable SRAM
circuits within the semiconductor substrate 105. Neverthe-
less, other embodiments may exist wherein additional or dii-
ferent circuitry may be imncluded within the control circuitry
110 located on or 1n the semiconductor substrate 105. While
not shown, the DMD 100 may further include an msulating,
layer formed over the control circuitry. The insulating layer
preferably comprises an oxide such as silicon oxide that has
been planarized by chemical mechanical planarization.

Located over the semiconductor substrate 105 1s a conduc-
tive layer 120. The conductive layer 120 preferably comprises
aluminum or aluminum alloy that has been sputter deposited
to a thickness ranging from about 100 nm to about 400 nm.
While not shown 1n the 1llustrated cross-section of FIG. 1A,
vias may be formed in the msulating layer to allow the con-
ductive layer 120 to contact the underlying control circuitry
110, where necessary. While also not shown 1in the illustrated
cross-section, the conductive layer 120 may be patterned,
resulting 1n electrode pads and a bias bus. Preferably the
conductive layer 120 1s patterned by plasma-etching using
plasma-deposited silicon dioxide as the etch mask.

Positioned over the semiconductor substrate 105, the con-
trol circuitry 110, and the conductive layer 120 1s a material
stack 130. Without being limited to such, the material stack
130 may mitially include a first spacer layer 140 having one or
more openings 145 located therein. Preferably the first spacer
layer 140 1s formed by spin depositing a photoresist to a
thickness ranging from about 400 nm to about 1500 nm.
Thereatter, the one or more opemings 145 may be formed
within the first spacer layer 140. Conventional patterning and
etching techniques may be used to form the openings 143 1n
the first spacer layer 140. For example, the openings 145 may
be patterned 1nto the first spacer layer 140 by exposing, pat-
terming, developing and then descuming the first spacer layer
140. After patterning the openings 145 into the first spacer
layer 140, the first spacer layer 140 may be deep UV hardened
to a temperature of about 200° C. to prevent flow and bubbling
during subsequent processing steps.

The material stack 130 further includes a layer of hinge
material 150 located over the first spacer layer 140 and within
the one or more openings 1435, The layer of hinge material
150, in accordance with the principles of the present inven-
tion, may also be referred to as a binge metal layer. Preferably
the layer of hinge material 150 1s formed using similar pro-
cedures and materials as described above for the conductive
layer 120. Accordingly, the layer of hinge material 150 may
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4

comprise aluminum or an aluminum alloy. Moreover, the
layer of hinge material 150 typically has a desirable thickness
ranging from about 30 nm to about 100 nm.

The maternial stack 130 1n the embodiment of FIGS. 1A and
1B further includes a layer of hinge support material 160
located over the layer of hinge material 150 and within the one
or more openings 145. In an exemplary embodiment, the
layer of hinge support material 160 comprises a thin oxide
layer blanket deposited over the layer of hinge material 150.
For example, a silicon dioxide layer having a thickness rang-
ing from about 50 nm to about 500 nm could be used as the
layer of hinge support material 160, while remaining within
the purview of the present invention.

The material stack 130 may, in certain embodiments, fur-
ther include a bottom anti-reflective coating (BARC) layer
170 formed over the layer of hinge support material 160 and
within the one or more openings 1435. As those skilled 1n the
art ol photolithography are aware, the BARC layer 170 may
or may not be used based upon the photolithography process
being used. For instance, in those embodiments wherein the
photolithography process uses a deep ultraviolet photoresist
layer for patterning the various layers of the material stack
130, the BARC layer 170 will most likely be required. How-
ever, 1n certain other embodiments the BARC layer 170 may
not be used. In any event, the BARC layer 170 may be formed
to a thickness ranging from about 50 nm to about 200 nm,
among others.

Positioned over the material stack 130 1n the embodiment
of FIG. 1A 1s a photoresist layer 180. The photoresist layer
180 may be any known or hereafter discovered photoresist
layer while staying within the scope of the present invention.
Nevertheless, the photoresist layer 180 1n the embodiment of
FIGS. 1A and 1B comprises a deep ultra-violet photoresist
layer, configured to be used with an I-line lithography pro-
cess. The photoresist layer 180 1s preferably formed by spin
depositing a blanket layer of photoresist material to a thick-
ness ranging from about 150 nm to about 800 nm. Thereatter,
the blanket layer of photoresist material may be convention-
ally patterned, resulting in the patterned photoresist layer
180. After patterning, the photoresist layer may be deep UV
hardened to a temperature of about 180° C. to prevent tlow
and bubbling during subsequent processing steps.

-

T'urning now to FIGS. 2A and 2B, illustrated are a cross-
sectional view and a plan view, respectively, ol the DMD 100
illustrated 1n FIGS. 1A and 1B, respectively, after etching the
BARC layer 170 using the patterned photoresist layer 180.
The etch process used to etch the BARC layer 170 may
obviously vary, however, one embodiment of the present
invention uses a timed etch to etch the BARC layer 170. For
example, depending on the thickness of the BARC layer 170,

a 10 second timed etch using a helium/oxygen plasma, could
be used to etch the BARC layer 170.

Turning now to FIGS. 3A and 3B, illustrated are a cross-
sectional view and a plan view, respectively, of the DMD 100
illustrated 1n FIGS. 2A and 2B, respectively, atter etching the
layer of hinge support material 160 using the patterned pho-
toresist layer 180. While not limited to such, the etch process
used to etch the layer of hinge support material 160 may be
substantially similar to the etch process used to etch the
BARC layer 170 as discussed above. As the layer of hinge
support material 160 may comprise an oxide rather than
BARC matenal, the etch time for etching the layer of hinge
support material 160 may increase. For example, one embodi-
ment of the present invention uses a 26 second etch to etch the
layer of hinge support material 160. After etching the layer of
hinge support material 160, the partially completed DMD 100
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may be subjected to a clean step. For example, the DMD 100
may be subjected to a 60 second develop clean to remove
unwanted polymer.

Turning now to FIGS. 4A and 4B, illustrated are a cross-
sectional view and a plan view, respectively, of the DMD 100
illustrated 1n FIGS. 3A and 3B, respectively, after removing
the photoresist layer 180 from over an upper surface of the
layer of hinge support material 160, thereby leaving a portion
of the photoresist layer 180 within the one or more openings
145. In an exemplary embodiment, the BARC layer 170 1s
also removed from over the upper surface of the layer ofhinge
support material 160, but also remains within the one or more
openings 145. Optimally, the photoresist layer 180 remaining
within the one or more openings 145 leaves less than about 50
percent of the one or more openings 145 unfilled. For
example, 1n one embodiment less than about 20 percent of the
one or more openings 1435 remains unfilled. As the photoresist
layer 180, and possibly the BARC layer 170, remains within
the one or more openings 145, and more importantly some-
what filling the one or more openings 145, the one or more
openings 145 are protected from various subsequent process-

ing steps, mcluding the steps shown and discussed with
respect to FIGS. 5A-5B and 7A-7B.

The photoresist layer 180 and the BARC layer 170 may be
removed from over the layer of hinge support material 160
using various different processes. However, one embodiment
ol the present invention uses a modified version of the etch
process used to etch the BARC layer 170, as discussed above
with respect to FIGS. 2A and 2B. Accordingly, this etch
process might include a helium/oxygen plasma.

Turning now to FIGS. SA and 5B, illustrated are a cross-
sectional view and a plan view, respectively, of the DMD 100
illustrated 1n FIGS. 4A and 4B, respectively, alter patterning
the layer of hinge material 150 using the patterned layer of
hinge support material 160 as a hardmask. As 1s shown in
FIG. 5A, this etch process may etch into the first spacer layer
140 a distance (d). While etching into the first spacer layer
140 1s generally significant and uncontrollable, the unique
process ol the present invention allows the distance (d) at
which the etch process etches into the first spacer layer 140 to
be reduced. For example, 1n one embodiment of the present
invention the distance (d) 1s less than about 250 nm. In
another exemplary embodiment, the distance (d) 1s less than
about 50 nm.

The process for etching the layer of hinge material 150 may
vary. For example, in one embodiment of the present inven-
tion the layer of hinge material 150 1s etched using a chlorine
based plasma. Nevertheless, other etch chemistries or plas-
mas are within the scope of the present invention. After fin-
ishing etching the layer of hinge material 150, the partially
completed DMD 100 may again be subjected to a clean step.
For example, the DMD 100 may again be subjected to a 60
second develop clean to remove unwanted polymer. Take
notice how, in certain embodiments, the etching of the layer
of hinge material 150 also removes a portion of the material
located within the openings 145.

Turning now to FIGS. 6 A and 6B, illustrated are a cross-
sectional view and a plan view, respectively, of the DMD 100
illustrated 1n FIGS. SA and 3B, respectively, after optionally
forming a filling material 610 within the one or more open-
ings 145 and the etched portions of the first spacer layer 140.
In one embodiment of the present invention, the filling mate-
rial 610 remains after blanket depositing a BARC layer over
the layer of hinge support material 160 and within the one or
more openings 145 and etched portions of the first spacer
layer 140, then subjected the deposited BARC layer to a
BARC layer etch. What 1deally results 1s the one or more
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6

openings 145 being filled with the BARC and the etched
portions being substantially filled with the BARC, and thus
no longer present. Nevertheless, the complete planarization
of the etched portions 1s often difficult to attain. In any event,
the etched portions are not as significant as they were prior to
the formation of the filling material 610.

Turming now to FIGS. 7A and 7B, illustrated are a cross-
sectional view and a plan view, respectively, ol the DMD 100
illustrated in FIGS. 6A and 6B, respectively, after removing
the patterned layer of hinge support material 160 from over
the upper surface of the patterned layer of hinge material 150.
In an exemplary embodiment, a portion of the patterned layer
ol hinge support material 160 remains within the one or more
openings 145. Wherein the layer of hinge support material
160 comprises an oxide, as briefly discussed above, an oxide
mask strip could be used for i1ts removal. While the process
used to strip the oxide mask may vary, one embodiment of the
present invention uses a fluorine based plasma with the addi-
tion of no oxygen. Advantageous to the present invention, this
fluorine based plasma 1s very selective to the oxide mask and
not the layer of hinge material 150.

Turming now to FIGS. 8A and 8B, illustrated are a cross-
sectional view and a plan view, respectively, of the DMD 100
illustrated in FIGS. 7A and 7B, respectively, after forming a
second spacer layer 810 over the patterned layer of hinge
material 150. Preferably the second spacer layer 810 1s
formed by spin depositing a photoresist to a thickness ranging
from about 500 nm to about 1500 nm. The thickness of the
second spacer layer 810 may be reduced, at least from 1ts
conventional thickness, because of the superior planarization
that results from the reduced etched portions and the filling
material 610. Thereafter, an opening 820 may be formed
within the second spacer layer 810. Conventional patterming
and etching techniques may be used to form the opening 820
in the second spacer layer 810, including a process substan-
tially similar to that used to form the openings 145 1n the first
spacer layer 140. The patterned second spacer layer 810 may
then be deep UV hardened to a temperature of around about
175° C. to prevent flow and bubbling during subsequent pro-
cessing steps.

Turning now to FIGS. 9A and 9B, illustrated are a cross-
sectional view and a plan view, respectively, of the DMD 100
illustrated 1n FIGS. 8A and 8B, respectively, after forming a
layer of reflective material 910 over the second spacer layer
810. In the embodiment of FIGS. 9A and 9B, the layer of
reflective material 910 1s deposited on the second spacer layer
810, as well as 1n the opeming 820 1n the second spacer layer
810. The layer of reflective material 910 advantageously has
a thickness ranging from about 200 nm to about 500 nm, and
more particularly a thickness ranging from about 300 nm to
about 350 nm. Preferably the layer of reflective material 910
comprises aluminum or an aluminum alloy and 1s formed
using similar procedures and materials as described above for
the layer of hinge material 150.

Turning now to FIGS. 10A and 10B, illustrated are a cross-
sectional view and a plan view, respectively, of the DMD 100
illustrated in FIGS. 9A and 9B, respectively, alter patterning
the layer of reflective material 910 and then removing the first
spacer layer 140 and the second spacer layer 810. As those
skilled 1n the art appreciate, an etch mask, such as a plasma-
deposited silicon dioxide etch mask, may be used to assist in
the etching of the layer of reflective material 910. What results
1s an array of retlective surfaces or mirrors.

The removal of the first spacer layer 140 and of the second
spacer layer 810 1s conventional. For example, a conventional
downstream plasma ashing or other similar process may be
used to remove the first spacer layer 140 and the second
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spacer layer 810. Nevertheless, other known or hereafter dis-
covered processes could also be used while staying within the
scope of the present mvention. The resulting device, as 1s
shown in FIG. 10A, may have the one or more vias in the layer
ol hinge material 150 being at least partially filled with one or
more of the layer of hinge support material 160, the BARC
layer 170, the photoresist 180 and the filling material 610.

The benefits achieved using the inventive method for
manufacturing a DMD device in accordance with the prin-
ciples of the present invention are numerous. First, very little
trenching 1nto the first spacer layer occurs. The lack of trench-
ing 1nto the first spacer layer 1s mostly due to the fact that the
removal of the thin layer of hinge support material used as the
hardmask to etch the layer of hinge material, per the present
invention, does not etch into the first spacer layer as much as
the removal of the patterned photoresist layer typically used
to etch the layer of hinge matenal. Second, a significant plug,
remains in the openings in the first spacer layer. Both of the
alforementioned attributes lead to mirrors with ultra flat sur-
faces.

Another benefit from the novel method disclosed herein, 1s
that hinge support layers that have critical dimensions (CD’s)
less than 0.3 micron are still supported by the first spacer layer
on the bottom side after the hinge support layers have been
etched and cleaned. Without such, the conventional 1sotropic
downstream ashing used in the cleaning of the patterned layer
of hinge material causes the first spacer layer to completely
undercut from these narrow structures. Accordingly, subse-
quent liquid processing of the hinge support layers after the
aforementioned undercut produces various amounts of bend-
ing and breaking of the layer of hinge material. Moreover,
even layers of hinge matenal that span between two support
vias are damaged due to the large capillary liquid forces that
pull the layer of hinge material down to the undercut first
spacer layer surface. This surface tension phenomena would
produce hinges with severe sag and pre-torque, which are
physical characteristics that would definitely result 1n com-
plete DMD failure. Accordingly, the present mvention pro-
vides the ability to manufacture hinge structures with CD’s
below about 0.3 microns, without the above-discussed prob-
lems.

Turning now to FI1G. 11, illustrated 1s an exploded view of
a completed DMD 1100 manufactured in accordance with the
principles of the present invention. The DMD 1100 illustrated
in FIG. 11 includes, among other elements, a semiconductor
substrate 1105 having control circuitry 1110 located therein,
a patterned conductive layer 1120 located over the control
circuitry 1110, a patterned layer of hinge material 1130
located over the patterned conductive layer 1020, and a pat-
terned layer of reflective material 1140 located over the pat-
terned layer of hinge material 1130. The semiconductor sub-
strate 11035, control circuitry 1110, patterned conductive layer
1120, patterned layer of hinge material 1130, and patterned
layer of reflective material 1140 are similar or slight varia-
tions of the semiconductor substrate 105, control circuitry
110, patterned conductive layer 120, patterned layer of hinge
material 150, and patterned layer of reflective material 910,

respectively, 1llustrated in FIGS. 10A and 10B.

Turning now to FIG. 12, 1llustrated 1s a block diagram of a
projection display system 1200 incorporating digital micro-
mirror device(s) manufactured in accordance with the prin-
ciples of the present invention. In the projection display sys-
tem 1illustrated i FIG. 12, 1llumination from a light source
1210 1s focused on to the surface of one or more DMD(s)
1220 by means of a condenser lens 1230 placed in the path of
the light. An electronic controller 1240 1s connected to both
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the DMD(s) 1220 and the light source 1210 and used to
modulate the DMD(s) 1220 and to control the light source
1210.

For all DMD pixels in the ON state, the imncoming light
beam 1s reflected into the focal plane of a projection lens
1250, where 1t 1s magnified and projected on to a viewing
screen 1260 to form an 1mage 1270. On the other hand, DMD
pixels 1n the OFF state, as well as any stray light retlected
from various near flat surfaces on and around the DMD, are
reflected into a light trap 1280 and discarded.

Although the present invention has been described 1in
detail, those skilled 1n the art should understand that they
could make various changes, substitutions and alterations
herein without departing from the spirit and scope of the
invention 1n its broadest form.

What 1s claimed 1s:
1. A method for manufacturing a digital micromirror
device, comprising:

providing a material stack, the matenal stack including a
spacer layer having one or more openings therein and
located over control circuitry located on or in a semicon-
ductor substrate, a layer of hinge material located over
the spacer layer and within the one or more openings,
and a layer of hinge support material located over the
layer of hinge material and within the one or more open-
1ngs;

patterning the layer of hinge support material using pho-
toresist:

patterning the layer of hinge material using the patterned
layer of hinge support material as a hardmask; and

removing substantially all of the patterned layer of hinge
support material from over an upper surface of the pat-
terned layer of hinge matenal.

2. The method as recited 1n claim 1 wherein the material
stack further includes a bottom anti-retlective coating
(BARC) layer located over the layer of hinge support material
and within the one or more openings.

3. The method as recited in claim 2 wherein patterning the
layer of hinge support material using photoresist includes
patterning both the layer of hinge support material and the
bottom anti-reflective coating (BARC) layer using the pho-
toresist.

4. The method as recited 1n claim 1 further including
removing the photoresist from over an upper surface of the
hinge support material, thereby leaving a portion of the pho-
toresist within the one or more openings, after patterning the
layer of hinge support material and before patterning the layer
of hinge matenal.

5. The method as recited 1n claim 1 wherein removing,
substantially all of the patterned layer of hinge support mate-
rial from over an upper surtace of the patterned layer of hinge
material includes removing the patterned layer of hinge sup-
port material from over an upper surface of the patterned layer
of hinge material thereby leaving a portion of the hinge sup-
port material within the one or more openings.

6. The method as recited 1n claim 1 wherein patterming the

layer of hinge support material etches into the spacer layer a
distance (d) of less than about 250 nm.

7. The method as recited 1in claim 6 further including form-
ing a filling material within the one or more openings and 1n
at least a portion of an etched region of the spacer layer after
removing the patterned layer of hinge support material.

8. The method as recited in claim 1 wherein the spacer layer
1s a first spacer layer and further including forming a second
spacer layer over the patterned layer of hinge material, the
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second spacer layer having an opening therein, and forming a
layer of reflective material over the second spacer layer and
within the opening.

9. The method as recited 1n claim 8 further including pat-
terming the layer of reflective material and therealter remov-
ing the first and second spacer layers.

10. The method as recited 1n claim 1 wherein the spacer
layer 1s a photoresist spacer layer, the layer of hinge material
1s an aluminum containing layer of hinge material, and the
layer of hinge support material 1s a layer of oxide.

11. A method for manufacturing a projection display sys-
tem, comprising:

providing a light source configured to produce a beam of

light along a first light path;
positioning optics in the first light path, the optics config-
ured to provide one or more color light beams;

forming one or more digital micromirror devices config-
ured to recerve the color light beams from the optics,
modulate the light on a pixel-by-pixel basis and reflect
light from ON pixels along a second light path, includ-
ng:

forming a material stack, the material stack including a

spacer layer having one or more openings therein and
located over control circuitry located on or 1n a semicon-
ductor substrate, a layer of hinge material located over
the spacer layer and within the one or more openings,
and a layer of hinge support matenial located over the
layer of hinge material and within the one or more open-
ngs;

patterming the layer of hinge support material using pho-

toresist;
patterming the layer of hinge material using the patterned
layer of hinge support material as a hardmask; and

removing substantially all of the patterned layer of hinge
support material from over an upper surface of the pat-
terned layer of hinge material; providing control elec-
tronics for receiving image data and controlling the light
source and the modulation of the digital micromirror
devices; and providing projection optics placed 1n the
second light path magnifying and projecting an 1image
on to a viewing screen.

12. The method as recited in claim 11 wherein the material
stack further includes a bottom anti-reflective coating
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(BARC) layer located over the layer of hinge support material
and within the one or more openings.

13. The method as recited in claim 12 wherein patterning
the layer of hinge support material using photoresist includes
patterning both the layer of hinge support material and the
bottom anti-reflective coating (BARC) layer using the pho-
toresist.

14. The method as recited 1n claim 11 further including
removing the photoresist from over an upper surface of the
hinge support matenal, thereby leaving a portion of the pho-
toresist within the one or more openings, after patterning the
layer of hinge support material and before patterning the layer
ol hinge matenal.

15. The method as recited 1n claim 11 wherein removing
substantially all of the patterned layer of hinge support mate-
rial from over an upper surtace of the patterned layer of hinge
material includes removing substantially all of the patterned
layer of hinge support material from over an upper surface of
the patterned layer of hinge material thereby leaving a portion
of the hinge support material within the one or more open-
Ings.

16. The method as recited in claim 11 wherein patterning
the layer of hinge support material etches into the spacer layer
a distance (d) of less than about 250 nm.

17. The method as recited 1n claim 16 further including
forming a filling material within the one or more openings and
in at least a portion of an etched region of the spacer layer after
removing the patterned layer of hinge support material.

18. The method as recited in claim 11 wherein the spacer
layer 1s a first spacer layer and further including forming a
second spacer layer over the patterned layer of hinge material,
the second spacer layer having an opening therein, and form-
ing a layer of retlective material over the second spacer layer
and within the opening.

19. The method as recited 1n claim 18 further including
patterning the layer of retlective material and thereafter
removing the first and second spacer layers.

20. The method as recited 1n claim 11 wherein the spacer
layer 1s a photoresist spacer layer, the layer of hinge material
1s an aluminum containing layer of hinge material, and the
layer of hinge support material 1s a layer of oxide.
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